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Quality Assurance Project Plan for
Lake Trout and Forage Fish Sampling

for Diet Analysis and/or Contaminant Analysis

1.0 Project Description

1.1 Introduction

The Great Lakes National Program Office (GLNPO) of the U.S. EPA has initiated a Mass Balance
Study for selected toxic contaminants in Lake Michigan.  The Mass balance effort will be part of a
“Lake Michigan Enhanced Monitoring Program” which includes tributary and atmospheric load
monitoring, source inventories, and fate and effects evaluations.  In general, the primary goal of
this enhanced monitoring program is to develop a sound, scientific base of information to guide
future toxic load reduction efforts at the Federal, State and local levels.

A modeling team will construct a mass budget and mass balance model for a limited group of
contaminants which are present in Lake Michigan at concentrations which pose a risk to aquatic
and terrestrial organisms (including humans) within the ecosystem.  Components to the mass
balance model will be designed to predict contaminant concentrations in the water column and
target fish species over a two-year period, relative to loadings.  Predictions of contaminant levels in
three species of fish will be calculated as final output of the model.  The target fish species include:

Lake trout (Salvelinus namaycush)
Coho salmon (Oncoryhynchus kisutch)
Bloater chub (Coregonus hoyi)

The calibration of the food web model(s) for these target species requires data on contaminant
concentrations and fluxes (diet) not only in these species, but also in the supporting trophic levels. 
The contaminant burden of each prey species varies based on feeding patterns at lower trophic
levels.  The concentration of contaminants in lake trout and bloater chubs will depend on what prey
items they choose to consume.  The diet information for lake trout sampled by this project will
enable the modelers to quantify the movement of contaminants from their source, through the food
web, and ultimately the body burden in lake trout.

The basic design and data requirements for the fish samples have been outlined in Tables 5 and 6
and in Appendix 4 of Lake Michigan Mass Budget/Mass Balance (LMMB) work plan of
October 14, 1993.  This project addresses a subset of the work objectives for lake trout and bloater
chubs, two of the target species described in the LMMB work plan, and for the five principal
forage species also described in that work plan, including bloater chub, alewife, smelt, slimy
sculpin, and deepwater sculpin, which are consumed by lake trout and coho salmon.
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The specific objectives are to:

1. Collect representative samples of lake trout, bloater chubs, alewives, smelt, slimy sculpins,
and deepwater sculpins for contaminant analysis.

2. Describe the diet of lake trout in Lake Michigan from May through October 1994.
3. Review past published and unpublished information on the diet of lake trout in Lake

Michigan and report on the comparability of the data collected in 1994 to past data.

1.2 Experimental Design

Because of spatial and temporal variations in feeding habits and/or distributions of lake trout,
bloater chub, and the other four forage species we will collect them in spring, summer, and fall
from each of three Biota Sampling Sites identified in the LMMB work plan of October 1994; these
include (1) the northwestern region near Sturgeon Bay, WI, (2) the southeastern region near
Saugatuck, MI, and (3) the central Midlake Reef region east of Port Washington, WI (Fig. 1).  The
bloater chub was identified as both a target species and a forage species for trout and salmon in the
LMMB work plan of October 1994.  The sampling regimes in Table 1.0 will be followed at each
of the three Biota Sites in spring (May to early June), summer (July to early August), and fall
(October to early November):

The staff on this project will have the advantage of making all of its targeted fish collections for
contaminants and diet analyses from the R/V Cisco which is assigned to the NBS' Lake Michigan
Project in the Section of Resource Assessment and Fish Community Dynamics at the GLSC and is
stationed at the Saugatuck Vessel Base.  The most difficult part will be obtaining all of the
specified age and size groups of lake trout and forage fish at all locations and in all seasons,
because of vagaries partly associated with changes in weather, stocking densities and locations of
the trout reared in Federal Hatcheries, and natural variations and trends in abundance of forage
fish.  Sampling on the Sheyboygan or Midlake Reef, more than 30 miles offshore of the nearest
port (Port Washington), poses the most difficult physical problem because a round trip takes
six hours or longer and there is no protection from sudden storms.

1.2.1 Contaminant Sampling

Because of the cost of the analytical chemistry, the total number of lake trout listed in the
LMMB Work Plan for contaminant analysis has been reduced from 450 to 225 per season:
i.e., 75 per Biota Site (Table 1.0) times three sites.  These samples will be packaged as
required for contaminant analysis, frozen, and delivered to the GLSC Laboratory of NBS
in Ann Arbor.

1.2.2 Diet Sampling

The LMMB Work Plan did not have a sample size objective for describing the diet of lake
trout.  However, based on recent diet variations observed in coho salmon, Holey and Elliott
(1994) estimated that at least 100 salmon per season per region would be necessary to
provide a reasonable analysis of the variation.  Although past work has shown that higher
percentages of lake trout than salmon are found with food in their stomachs, 75 lake trout
in addition to those collected for contaminant analysis will be collected per Biota Site per
season (Table 1.0). Published information on the diet of Lake Michigan lake trout will also
be reviewed to complement and aid in interpretation of that which will be collected in the
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present study in 1994.

Both critical and noncritical parameter measurements for the evaluation of contaminants
and diet of lake trout and contaminants of bloater chub are summarized in Table 1.1.

Table 1.0.  Sample size objectives for the collection of lake trout, bloater chub, and
four other forage species in Lake Michigan by season, age or

size group, and pending analysis.

Biotic group Age or
size

Number collected for Total
samples

Contaminants
and diet

Contaminants
only

Diet only

Lake trout 2-4 yr
5-7 yr

8-10 yr

25          
25          

25          

-          
-          

-          

25      
25      

25      

50      
50      

50      

Bloater chub 0-2 yr
4+ yr

-          
-          

25          
25          

-      
-      

25      
25      

Alewife 60-120 mm
>120 mm

-          
-          

25          
25          

-      
-      

25      
25      

Smelt >100 mm -          25          -      25      

Slimy sculpin - -          25          -      25      

Deepwater
sculpin

- -          25          -      25      

Total fish - 75          175          75      325      
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Table 1.1.  Summary of critical and non-critical parameter measurements for the
evaluation of contaminants and diet of lake trout, and contaminants of bloater chub.

Parameter Sampling
Instrument

Sampling
Method

Analytical
Instrument

Analytic
al
Method

Reporting
Units

LOD

Location
   (critical)

GPS, Loran,
Port Location

SOP-1 NA NA biota sites southeast,
central and
northwest

Sample Date
   (critical)

none NA NA NA mo / day / yr
xx / xx / xx

day

Lake Trout
length
   (critical)

measuring
board ruler

NA NA NA mm 1 mm

Lake Trout
weight
   (critical)

spring or
electronic
balance

SOP-1 NA NA Kg 0.1 Kg

Lake Trout age
   (critical)

knife and
envelope

SOP-1 and
Bowen
1983

bi-noc scale
projector

SOP-2, 3 years 1 year

Diet Species of
Lake Trout
   (critical)

NA SOP-1 NA SOP-2 total number Species - fish
& common
invertebrates
.  Order for
less common
invertebrates

Diet Item length
   (critical)

NA NA ruler SOP-2 mm 1 mm

Diet Item
weight
   (critical)

NA NA spring or
electronic
balance

SOP-2 grams 0.1 gram

Bloater age
   (critical)

NA SOP-1 scale
projector
microscope

SOP-2 years 1 year

Sample Depth
   (non-critical)

echo sounder operating
instructions

NA NA meters 0.1 meters

Time of Sample
   (non-critical)

clock NA NA NA HH:MM minutes

Water Temp.
when sampled
   (non-critical)

electronic BT NA NA NA degrees C 1 degree C
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2.0 Project Organization and Responsibilities

   Paul Bertram John Gannon Lou Blume     
EPA Project Officer NBS EPA QA Manager
  Biota Co-Chair Biota Co-Chair

Edward Brown
NBS

Project Manager

Gary Eck
NBS

Field Manager

 Ralph Stedman George Boyce 
 Randall Owens Tim Desorcie 
         NBS NBS       
Alternate Field Field Sampling
     Managers Analysis    

2.1 GLNPO Project Officer and Biota Co-Chair

The GLNPO Project Officer is the Agency official who initiates the grant, evaluates the proposal,
and is the technical representative for EPA.  The Project officer is responsible for:

Budgeting
Program planning, scheduling, and prioritization
Developing project objectives and data quality objectives
Ensuring that project meet GLNPO missions
Technical guidance
Program and data reviews including audits
Data quality
Final deliverables

2.2 GLNPO QA Manager

The GLNPO QA Manager (QAM) is responsible for ensuring that each project funded by EPA
satisfies the Agency's requirements for QA programs.  The QAM is responsible for:

Offering guidance on QA techniques
Evaluating QA Project Plans (QAPjPs) and approving QAPjPs for the Agency
Assisting in the coordination of audits
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2.3 NBS Biota Co-Chair

The Biota Co-Chair from NBS works in partnership with the GLNPO QA Project Leader to
implement the Biota portion of the Lake Michigan Mass Balance Project.  Duties are:

Program planning, scheduling, and prioritization
Developing project objectives and data quality objectives
Ensuring that project meets GLNPO missions

2.4 NBS Project Manager

The Project Manager is the NBS official who initiated the proposal to perform the lake trout and
forage fish sampling portions of the LMMB project and is responsible for:

Developing the sampling plan for lake trout and forage fish collections
Administration of the lake trout and forage fish segment of the Biota objectives
Overall supervision of field work
Ensures QA objectives are met
Technical supervision
Final deliverables
Data quality assessment

2.5 NBS Field Manager

The Field Manager is the NBS position that will provide daily supervision of the field collection
activities and achievement of the QA objectives.  This position is responsible for:

Collecting field data
Directly supervise the field crew activities
Reviews progress toward QA objectives
Develops and implements sampling and analytical procedures
Prepares reports and deliverables
Trains field crews on sampling and analytical procedures
Data quality assessments and audits for lab and field segments

2.6 Field Sampling and Analysis Personnel

These positions are responsible for the majority of the field sampling and lab identification.  They
will receive training and guidance from the Project and Field Managers, who will also audit their
work to ensure QA objectives are met.

At a minimum, Field Sampling and Analytical Personnel have or, if future hires, will have
Bachelors Degrees in biological science, natural resources, or related fields, or appropriate relevant
experience.  Project and Field Managers who will provide job-specific training all hold Masters
Degrees in natural resources or fishery science and have 15 years or more of experience in fishery
research, ecology, and management on the Great Lakes.
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3.0 Quality Assurance Objectives

As outlined in the Lake Michigan Mass Budget/Mass balance Work Plan, the proposed model
output should be within a factor of two of the observed concentrations in the water column and
target fish.  It is also estimated that the required level of model accuracy can be achieved if
loadings and contaminant mass in significant environmental compartment are determined to within
±20 to 30% of the actual value.

3.1 Objectives

1) Within each season and regional biota site, collect as representative samples of lake trout
and forage fish as possible so as to minimize the spatial and temporal population
uncertainty (Sp) to the extent possible (given the sample size that can be collected with the
financial, logistic, and biological constraints of this project).

2) To collect, package, and transport each sample, and to record, summarize, and report each
physical measurement with a level of recision, accuracy, deductibility, and completeness
that will ensure the Measurement.

Uncertainty (Sm) will be nominal compared to Sp and therefore not affect the interpretation of the
results.

The level of population uncertainty can not be determined prior.  That the contaminant levels in the
lake trout and forage fish collected will be within ±20 to 30% of the actual population values is a
function of sample size and the collection procedures.  The sample size for contaminants has been
established by the LMMB Work Plan and subsequent modifications.  The designed collection
procedures described here attempt to make the most of the sample size target.

Variability in the diet of Lake Michigan lake trout can be great, especially when examined from a
lakewide perspective encompassing large scale spatial and temporal gradients.  The desired sample
size for determining diet is to a large degree constrained by the difficulty of collecting these fish.
Presently lake trout abundance and therefor catch is very low off Saugatuck, a biota site, and some
other areas in the southern basin because of changes in interagency stocking protocols (Lake
Michigan Lake Trout Technical Committee 1985).  Alewife abundance is also low throughout the
Lake and they are no longer the dominant forage species that they were in the 1960s and early
1970s (Eck and Wells 1987).

3.2 Measurement Quality Objectives

Measurement quality objectives are designed to control various phases of the measurement process
and to ensure that total measurement uncertainty is within ranges prescribed by the DQOs.  The
MQOs can be defined in terms of data quality attributes; precision, accuracy, completeness,
delectability, representativeness, and comparability.  The first four can be defined in quantitative
terms, while the latter two are qualitative.

Precision.  A measure of mutual agreement among multiple measurements of the same property,
usually under prescribed similar conditions.  Precision will be evaluated through auditing of data
collection activities to determine whether activities are performed in a consistent manner, and by
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established protocol.
Accuracy.  The degree of agreement between a measurement (or an average of measurements of the
same thing), and the amount actually present. 

Completeness.  For this QAPJP, completeness is the measure of the number of valid samples
obtained compared to the amount that is needed to meet the DQOS.  The completeness goal is
90%.

Detectability.  The determination of the low-range critical value of a characteristic that a method-
specific procedure can reliably discern or is necessary to meet program objectives.

Representativeness.  Expresses the degree to which data accurately and precisely represent
characteristic of a population, parameter variations at a sampling point, a proceed condition, or an
environmental condition.

Comparability.  Expresses the confidence with which one data set can be compared to another.

3.3 Field MQOs

The following information describes the procedures used to control and assess measurement
uncertainty occurring during the field sampling.  Field parameters in this section will include
location, lake trout length, lake trout weight, and lake trout age and forage fish lengths, weights
and ages.  Since these measurements are straightforward, the measurement quality evaluations will
be simple remeasurements.

The majority of the uncertainties occurring in the field can be alleviated by the development of
detailed standard operating procedures (SOPs), an adequate training program at appropriate
frequency, and a field audit program.  SOPs have been developed and training has occurred.  Field
audits will be implemented during the course of the program implementation.

3.4 Precision

Another term for precision is repeatability.  Repeatability in the field is very important to precision,
as well as data comparability.  Repeatability is controlled by the development of detailed SOPs and
adequate training in those SOPS.  Field precision will be checked by remeasuring 5% of the
samples.  Remeasurements must be within the acceptance criteria as stated in Table 3.0.  Field
precision can also be evaluated through the implementation of field technical systems audits. 
These audits will be used to evaluate the adherence to the SOPS.  Audits are discussed in
Section 8.0.

3.5 Accuracy

As stated earlier, accuracy is based on the differences between an estimate derived from data and
the true value of the parameter being estimated.  For the field measurements, with the exception of
location, the true value is dependent on the calibration of the instrument (ruler or scale).  Following
calibration procedures and precision requirements will provide an indication of accuracy. 
Following SOPs as written should reduce contamination as much as possible.  Accuracy is also
based on training.  Therefore, during audits the trainer will remeasure 5% of the samples to
determine accuracy.  If accuracy requirements are not met, the trainer will review the methods with
the sampler until agreement is reached.
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3.6 Detectability

Detectability in this study is a function of how accurate and repeatable the measuring instruments
can be maintained.  Rulers or tape measurements, unless broken, will be considered accurate. 
Therefore, delectability of lake trout length is a function of following the SOPS.  Similarly, scales,
if calibrated properly, should reflect an accurate weight unless various conditions (wind or rain)
create a situation where an accurate weight (within detectable limits) cannot be met.  The SOPs
will discuss ways to measure samples within the delectability requirements.

3.7 Completeness

Completeness for the field is defined as the successful collection of all viable samples in the
appropriate time frame.  A viable sample would be defined as any single sample whose integrity
has not been effected during the collection process and would therefore not be flagged with a field
qualifier.  In some cases the sampler has no control on the integrity (e.g., samples remaining in the
sun too long) while in other cases the sampler might effect the integrity (e.g., contaminating a
sample through improper handling).

In any case, the DQOs are based on the evaluation of a statistically relevant number of samples
which are affected by all errors occurring in the field and laboratory.  Therefore, the overall goal is
a completeness of 90%.  The completeness objective for the measurement phase is 100%.  As with
the other data quality attributes, completeness can be controlled through the adherence to the SOPs
in order to minimize contamination and sampling errors.

3.8 Representativeness

Representativeness, with respect to the overall program objectives, is a function of the statistical
sampling design and how well this design estimates the measurement parameters to this project. 
Variation in lake trout diet is expected seasonally but also from year-to-year, depending on the
abundance of prey and environmental factors that might affect feeding behavior.  Since the
sampling period for this project is only one year, the review of past lake trout diet data will assist
in determining how representative the 1994 diet of lake trout is to the yearly variation that can be
expected.

3.9 Comparability

Comparability will be maintained by the adherence to the SOPs.  Adherence to these SOPs by all
samplers will allow for comparability of data among sites and throughout the project.  Evaluation
of comparability occurs through the implementation of the training program and the field technical
systems audits.

Measurement quality objectives for the parameters that will be used to evaluate lake trout diet in
this project are summarized in Table 3.0.
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Table 3.0.  Measurement quality objectives for parameters for the evaluation of lake
trout diet.

Parameters Sample Type Frequency Acceptance; Other Corrective Action
Location The accuracy required is to regions of the

lake.

Lake Trout Length
   Precision

   Accuracy

   Completeness

Remeasurement

Independent
remeasurement

5 %

5 %

NA

1 cm of original measurement - recalibrate
instrument and remeasure sample to compare
to closest.

1 cm of original measurement - review
protocols and remeasure another sample.

90 %

Lake Trout Weight
   Precision

   Accuracy

   Completeness

Remeasurement

Independent
remeasurement

5 %

5 %

NA

0.1 Kg of original measurement - recalibrate
instrument and remeasure sample to compare
to closest.

0.1 Kg of original measurement - review
protocols and remeasure another sample.

100 % for lake trout collected for
contaminant analysis.  0 % for lake trout
collected only for diet analysis.

Lake Trout Age
   Precision

   Accuracy

   Completeness

Coded-wire tag

Re-age, inspection

Independent
Re-age, inspection

100 %

5 %

5 %

NA

Confirmation with scale aging.

Direct match with original.

Direct match with original.

Diet Species of
Lake Trout
   Precision

   Accuracy

   Completeness

Re-identify,
inspection

Re-identify,
inspection

5 %

5 %

NA

95 % identification, precision will be
maintained through training and periodic
audits to verity accuracy of identification of
prey items.

95 % identification, to determine accuracy,
samples will be re-identified and compared to
reference samples.
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Table 3.0.  Measurement quality objectives for parameters for the evaluation of lake
trout diet. (Cont’d)

Parameters Sample Type Frequency Acceptance; Other Corrective Action
Diet Item Length
   Precision

   Accuracy

   Completeness

Remeasurement

Independent
remeasurement

5 %

5 %

NA

2 mm of original measurement - recalibrate
instrument, remeasure sample and compare to
closest.

2 mm of original measurement - review
protocols and remeasure another sample.

90 %

Diet Item Weight
   Precision

   Accuracy

Remeasurement

Independent
remeasurement

5 %

5 %

0.1 g of original measurement - recalibrate
instrument, remeasure sample and compare to
closest.

0.1 g of original measurement - review
protocols and remeasure another sample.

4.0 Site Selection and Sampling Procedures

Lake trout and five forage species, bloater chub, alewife, smelt, slimy sculpin, and deepwater
sculpin, will be sampled from the NBS's R/V Cisco in spring, summer, and fall at each of the three
Biota Sites identified in the Lake Michigan Mass Budget/Mass Balance Work Plan.  The precise
locations will depend on the differential seasonal distributions of the six species at each site.

4.1 Sampling Procedures and Sample Custody

Each entire fishing operation or cruise in each season will be permanently documented in
considerable detail in the Captain's Log and in the Section of Resource Assessment and Fish
Community Dynamics' Research Vessel Catch Information System (RVCAT).  An overview of
this system is given in Appendix 4.

Fishing operation data (e.g., location, gear, total catch and effort by species) and biological data
and measurements on individual fish are now entered directly into a laptop computer aboard the
vessel.  This has eliminated the need for much of the hand recording on a detailed set of field data
forms that was done in the past.  Each lake trout or other predator species, for example, is uniquely
identified by an individual I. D. Number, while the catch from which it came is identified by a
unique Serial Number.  The data entry screens used aboard the vessel are shown in Appendix 5.

Samples of individual fish and composite samples of several or more fish will be labeled with tags
bearing the information shown in Appendix 6.  Any temporary or permanent change in the custody
of these samples will be recorded on the Chain of Custody Record shown as Appendix 7.  Any
detected changes in the quality of these samples which might compromise their intended use(s) will
be indicated by an appropriate FLAG (See list in Section 10) in the Chain of Custody Record, and
corrective action to prevent it happening again will be taken by the Field Manager and reported to
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the Project Manager who will take additional reinforcing action if warranted.  In either case,
emphasis will be placed in identifying the cause and whether it resulted from an inherent system or
procedural problem or from negligence.  Training to correct the situation will be provided by the
Managers if appropriate.  A separate set of Custody records will be filed with each of the Projects
or Sections at the GLSC of NBS in Ann Arbor that played a significant role in collection and or
temporary or final custody of the given samples.

4.2 Contaminant Sampling

All of the lake trout and forage species (identified above) to be used in contaminant analysis will be
collected from the NBS's R/V Cisco, using gradedmesh gill nets to obtain the trout and a standard
12 meter bottom trawl to obtain the forage fish.  The field sample preparation procedures are
described in SOP 1.  An NBS biologist will be on board during all of the fishing operations to
insure proper handling of the samples.  Immediately after they are processed, packaged, and
labeled (Appendix 6), all samples of lake trout and forage fish will be frozen in a chest freezer
aboard the vessel.  If freezer capacity is exhausted, the fish will be held on ice for up to about
eight hours so that they can be frozen and stored temporarily at a shore facility or transported
frozen in coolers to either the Saugatuck Vessel Base of NBS for temporary storage in chest
freezers or directly to the GLSC in Ann Arbor, Michigan for storage in a walkin freezer.  All
samples will be transported in an NBS vehicle.  Custody forms will be used for transfer of samples
between authorized individuals, showing the dates(s) when frozen and subsequently delivered, and
the receiving location/facility.  The number of samples and the range of 1.D. numbers, if individual
fish, will also be recorded on the Chain of Custody form.  A set of Custody records will be filed
with the Lake Michigan Project at the GLSC of NBS in Ann Arbor; a duplicate set of records will
be filed as backup in another appropriate location at the GLSC.

4.3 Diet Analysis

Stomachs for lake trout diet analysis will be removed with their contents intact from the fish being
processed and packaged above in accordance with SOP 1 (Appendix 1).  The stomachs will be
frozen individually, labeled (Appendix 6), stored, transported, and transferred as described under
contaminant sampling of the whole fish above.  Diet analysis will take place in the laboratory at
GLSC in Ann Arbor after field work is completed.

All members of the Lake Michigan Project at GLSC including the Project Manager for this segment of
NBS's LMMB Projects, Edward Brown, the Field Manager, Gary Eck, alternate Field Managers, Ralph
Stedman and Randall Owens, and Biological Technicians, Tim Desorcie and George Boyce, will
participate in part or all of the field sampling in various capacities.  These and other qualified staff
whose services may become available later will collect and label all field samples. 

5.0 Analytical Procedures and Calibration

Analytical procedures will generally follow those outlined in Bowen 1983, Elliott 1994, Miller and
Holey 1992, and others.  Details of the various analytical procedures that will be used in the field
and laboratory are contained in SOPs 1 and 2 in (Appendices 1 and 2).  Measurements of length
and weight are the basic analytical procedures to be conducted for this project.  Lengths of lake
trout and their diet items will be measured to the nearest mm with a measuring board or ruler. 
Weight will be measured to the nearest 0.1 Kg for lake trout and 0.1 gram (g) for their diet items. 
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Tables of calibration equipment, technique, and frequency are also given in SOPs 1 and 2 for the
respective field and laboratory operations. Lake trout will be aged by reading coded-wire tags (see
SOP-3, Appendix 3).

6.0 Data Reduction, Validation, and Reporting

The main responsibility for data reduction, validation, and reporting will be shared by Edward
Brown and Gary Eck with assistance from other qualified staff.  Following is a description of the
step by step procedure used to reduce the raw diet data into summary statistics, verify those
statistics, and report them as products that describe the diet of lake trout in the manner required for
this project.

6.1 Overview and Summary of Method

The raw data as entered and described in SOP 2 (Appendix 2) will be reduced so that the average
diet of all lake trout within a given stratum (age-region season) can be reported.  Diet will be
reported for both lake trout that are sampled for contaminants, and for those that are sampled for
diet alone (Table 1.0).  The primary descriptive statistic calculated and reported will be the percent
that each prey type contributes to the average wet weight of all prey found in the stomachs.  The
range and frequency distribution of individual weight values and percent weight values from which
the average values are calculated will indicate the variance associated with these data.  The range
and distribution of site specific and biological variables will characterize the lake trout sample
within each major stratum.  Length distributions of prey fish in the diet will describe the
characteristics of each species found in the stomachs of lake trout.

Data collected and results reported during other diet studies of Lake Michigan lake trout will be
reviewed to provide a reference framework with which to help evaluate the representativeness of
the diet information collected during this project.

It is assumed that the sampling design will provide samples of lake trout that are representative,
especially in regard to diet, of all trout available to the sampling gear in each of the three age
strata, at each of the three sampling sites, and in each of the three seasons.  The samples combined
across age strata would not be representative of all fish available to the gear in those strata
combined, however, unless the samples in each stratum were first weighted by the relative
abundance at the sampling sites of fish in those age intervals.

6.2 Reduction Procedures

The following procedures will be discussed:

– testing between samples
– combining or averaging samples, etc.

Using the database developed in SOP 2 (Appendix 2), calculate the percent that each prey type
contributes to the average wet weight of all prey found in the stomach as follows.

Within each stratum (age, region, season), group lake trout and their associated data by general
location (port) and date-specific groups.
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For each of the location-date specific groups, calculate the average weight (0.1g) per stomach, and
percent (0.1%) of the total weight, for each prey category.  Also calculate the percent (1%) of the
stomachs found empty or void of prey.  Omit data flagged as outliers from these and subsequent
calculations.

Use Wilcoxon-Mann Whitney two sample tests and Chi-square tests of independence to determine
if and where significant differences in the diet exist between the location-date groups.

If significant differences between groups exist, compute a grand average of all location-date
specific average weight values.  Then calculate the percent that these average prey weights are of
the total grand average weight of all prey combined.

If no significant differences between groups exist, combine data for all lake trout sampled within
that strata, recalculate average weights, and then calculate the percent that these average prey
weights are of the total average weight of all prey combined.

For each stratum, calculate the range and the frequency distribution of individual weight values
and percent weight values for each prey species.  If necessary, adjust the weight value intervals to
reflect fresh weights using conversion formula determined in SOP 2.4.3.

For each stratum, calculate the range and the frequency distribution of prey lengths for each prey
fish species.  If necessary, adjust the lengths to reflect fresh lengths using conversion formula
determined in SOP 2.4.3.

For each stratum, calculate the range and frequency distribution of site specific and biological
variables (lake trout length, weight, sex, time, water depth, capture depth, temperature, where
captured etc.).

Maintain updated/backed up independent copies of the reduced data (hard drive, disk, and hard
copy printout) in the same manner as is done for the raw database (SOP 2.4.4) for the duration of
the project.

6.3 Validation Procedures

Verification of the raw database is described in SOP 2.4.4.  Validation of reductions/calculations is
divided into two procedures:  validation of correctness, and validation of representativeness.

6.4 Validation of Correctness

Reductions/calculations result from manipulations of the database by a personal computer using a
set sequence of commands and formula (a program).  This ensures that all reductions/calculations
are consistent and not subject to random error.  Verify that the values resulting from the
reduction/calculation procedures are correct by reproducing by hand the process carried out by the
computer for a randomly selected portion of the database.

6.5 Validation of Representativeness

To determine if the results of the reductions/calculations of this data set are representative of the
diet of lake trout in Lake Michigan for this year and for other years in recent history, data collected
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and results reported during other diet studies of Lake Michigan lake trout will be summarized and
compared to the results produced from this database.
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6.6 Reporting Procedures

The average size and variability of lake trout and the size, variability, and contribution of the diet
taxa to the total diet within age-season-region strata will be reported (Table 6.1), based on
reduction of the raw data as detailed above.  The raw data itself will be permanently archived in
RVCAT computer files at the NBS GLSC.  Copies of all files are held separately at the NOAA
Great Lakes Environmental Research Laboratory for backup protection against fire, vandalism,
and computer failure.

Table 6.1.  Reported statistics associated with each biotic element.

Biotic
element

Strata Measurement Statistic

Lake trout age, season,
region

length, weight mean, standard error,
range, sample size

Lake trout diet age, season,
region, diet
taxon

number, wet
weight, length

mean, frequency of
occurrence, percent by
weight of all prey,
standard error, range,
sample size

This information together with QA findings will be reported to the GLNPO, PO, QAM, and Biota
Group.

7.0 Internal Quality Control Checks

Quality assurance for this project will be achieved primarily through specific training both prior to
sampling and during the sampling season.  Several persons on the GLSC staff are experienced in
diet sampling (Eck and Wells 1983, Gary Eck, and Edward Brown, Cruise Reports of the R/V
Cisco on file at GLSC of NBS, Ann Arbor), and will provide training on procedures before the
sampling begins and while it is in progress.  Less experienced field staff will work with
experienced staff until such time that the quality of their work justifies them working
independently.  The quality of field staff work will be checked by the Field Manager or Project
Manager sampling at least once or twice during each sampling cruise throughout the duration of
the project.  Additional checks will be made whenever needed.

Measurements of length and weight required for this project are straight forward, and their
variation will be a function of the ruler or weight scale used rather than the person taking the
measurements.  Measuring boards or rulers will be examined prior to field work to ensure that the
error between them is less than ±2 mm.  As indicated in Table 1.1, the readability of the weight
scales used is 0.1 g for small fish and diet items measured in g, and 50 grams for most lake trout
which are much larger and therefore measured in Kg.
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In the field, the Project and Field Manager will make independent measurements and Field
Sampling Analysts will make remeasurements as detailed in SOP 1 (Appendix 1) for at least 5% of
the samples from each season/region stratum.  Similarly, in the lab, the Field Manager will make
independent measurements and Field Sampling Analysts will make remeasurements as detailed in
SOP 2 (Appendix 2) for at least 5% of the samples from each season/region stratum.  The resulting
data will be recorded on separate Field and Lab Data Sheets, as described in SOPs 1 and 2, and
identified as QC Audits.  Using these data and data from original measurements, precision,
accuracy, and completeness will be calculated for all parameters identified in Table 3.0.

During the diet analysis of lake trout stomach contents in the lab, examples of each species of prey
fish and taxonomic group of invertebrate consumed by the trout will be preserved in glass jars with
5% formalin for reference in identification.  Examples should cover the range in stages of digestion
of the different sizes of prey observed.  These specimens will aid in documenting the methods of
identification and quantification used in the stomach contents analysis.  Each sample will be
labeled as to its source (Sample 1. D. No.), taxonomic identification, and measurement values (i.e.
length and weight, etc.).

In addition, identification criteria will be developed during training when no good ones exist.

8.0 Performance and Systems Audits

Specific audits will not be conducted as part of this sampling project.  Procedures required for the
project are straight forward and uncomplicated.  The duration of the project is also short enough
that at least one or two checks per field trip and per month in the laboratory on performance of the
field and lab staff will serve as audit checks for the project.  The number of staff involved in this
project will be small, therefore, the ability to control the quality of the project will not require
elaborate auditing procedures.  Quality control audits at each stage of the field sampling and
analysis will be conducted by the Project Manager, the Field Manager, or the EPA QA Manager. 
The auditing will focus mainly on the precision, accuracy, and completeness of the parameter
measurements identified in Table 3.0 as well as on the proper handling and processing of the
contaminant and diet samples.  The auditing will involve remeasurement and independent
measurement procedures listed in Table 3.0 and discussed as to frequency in Section 8.0, and
observation of the sampling/processing operation and the condition of the samples.  Audit reports
will be kept on file at the GLSC of NBS and available for review at any time.  Moreover, EPA
may audit at any time.

Inadequacies in sampling procedures or the quality of the data collected will immediately be
addressed immediately by the Project Manager or Field Manager when discovered.  All previous
and current data collected by the person when the inadequacies were first discovered will be
reviewed for accuracy.  Additional training and supervision will then be provided until the quality
of work is adequate.  In addition, an audit form for this project will be developed.
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9.0 Calculation of Data Quality Indicators

This QA Plan has defined the DQOs and MQOs (Section 3.0).  This section describes the
statistical assessment procedures that are applied to the data and the general assessment of the data
quality accomplishments.

9.1 Precision

The precision will be evaluated by performing duplicate analyses.  Various types of duplicate
samples are described in Section 3.0.  Precision will be assessed by relative percent difference
(RPD).

Relative Percent Difference (RPD)

Relative standard deviation (RSO) may be used when aggregating data.

Relative Standard Division (RSD)

Where: s = standard deviation
yG = mean of replicate analyses

Standard deviation is defined as follows:

Where: y1 = measured value of the i the replicate
yG = mean of replicate analyses
n = number of replicates

9.2 Accuracy

Accuracy will be based upon expert remeasurements of a percentage of samples.

Accuracy will be evaluated by determining whether the measurements are within the acceptance
limits.  Deviations beyond the acceptance criteria could be justification for retraining technicians.
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Bias can be estimated from the theoretical “true” value of the expert measurement.  “System” bias
for the study may be calculated from individual samples and is defined:

Where: Yik = the average observed value for the i the audit sample and k observations.
Ri = is the theoretical reference value
n = the number of reference samples used in the assessment

9.3 Completeness

Completeness for most measurements should be 90%.  Completeness is defined:

Where: V = number of samples judged valid
n = total number of measurements necessary to achieve project objectives

The 90% goal means that the objectives of the survey can be met, even if 10% of the samples are
deemed to be invalid.  An invalid sample is defined by a number of combination of flags associated
with the sample.  This value will be reported on an annual basis.

9.4 Representativeness

Based upon the objectives, the three seasonal collections (spring, summer, fall) represent different
lake trout diet conditions.  In order to determine whether a change is statistically significant, the
samples must be representative of the population, and the samples must be collected and analyzed
in a consistent manner.

Representativeness will be evaluated through variance estimates of routine sample in comparison to
previous years estimates if the latter are available.  These estimates would be performed at within-
site and between-site levels, as appropriate.  Analysis of variance (ANOVA) will be used to
determine whether variances are significantly different.

9.5 Comparability

Comparability is very similar to representativeness in that comparability is ensured through the use
of similar sampling and analytical techniques.  Comparability will be assessed through the
evaluation of precision and accuracy measurements and technical systems audits.
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10.0 Corrective Action

The possible corrective actions that can be anticipated in advance have been covered and discussed
in Table 3.0 and in Sections 7.0 and 8.0.  If any nonroutine corrective action is required it will be
initiated and implemented by the Project Manager, Edward Brown, or by the Field Manager (Gary
Eck, Ralph Stedman, or Randall Owens) as appropriate.  Such action will be documented in audit
reports, through data flags listed in Table 10.0 or yet to be developed, in revisions of the QA Plan
if methods must be changed, and in the final report.

Table 10.0.  List of data flags.

LAC Laboratory accident There was an accident in the laboratory that either
destroyed the sample or rendered it not suitable for
analysis.

FAC Field accident There was an accident in the field that either destroyed
the sample or rendered it not suitable for analysis.

ISP Improper sample preservation Due to improper preservation of the sample, it was
rendered not suitable for analysis.

CON Consensus Consensus to report a range of ages.

UNK Unknown sex In the case of species, indicates undetermined sex.

EER Entry error The recorded value is known to be incorrect but the
correct value cannot be determined to enter a
cortecton.

OTL Data point outlier When a series of data are plotted and anaylzed, this
point is obviously not within the normal distribution
of data, and eliminated from further analysis.

11.0 Quality Control Reports to Management

A progress report outlining the achievement of the Quality Assurance Objectives will be provided
to the Program Manager, the QA Manager, and the Project Co-coordinators at the end of the
project.  The Project Manager will be notified immediately, however, if substantive changes are
made to the QAPJP.  The Quality Control Report will include a summary of the results of audits
that were conducted, data quality assessment, and the corrective actions that were taken.  In short,
the degree to which the targeted precision, accuracy, and completeness goals were met will be
indicated in the Final Report.
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     Appendix 1.

SOP-1:
Sampling Lake Trout and Forage Fish for 

Contaminant Analysis 
and for Diet Analysis of the Trout

1.0 SAMPLING LAKE TROUT AND FORAGE FISH FOR 
CONTAMINANT ANALYSIS AND FOR DIET ANALYSIS OF THE 
TROUT

This SOP provides the step by step procedure for collecting, measuring, preserving, and 
transporting Lake Trout and forage fish and stomach contents removed from lake trout for the 
Enhanced Monitoring Program Lake Michigan Mass Balance Study.

1.1 Overview

Lake trout and forage fish samples will be collected at the three Biota Sites  identified in the Lake 
Michigan Mass Balance Work Plan of October 14, 1993. These samples will be used to measure 
contaminant concentrations in the fish tissue of PCBs, Mercury, and trans-nonachlor and to 
examine the diet of the trout by evaluating their stomach contents.  The following critical and 
noncritical information associated with the samples will be recorded:

Critical Noncritical
1.  Location 1.  Gear
2.  Date of sample 2.  Sampling depth
3.  Sample length 3.  Time sampled
4.  Sample weight 4.  Water temperature
5.  Fin clip (Or absence of clip)

The lake trout and forage fish samples to be collected for contaminant analysis are of primary 
importance and therefore must be prepared and preserved as soon after collection as possible for 
transport to the laboratory for  analysis.  During the field processing, stomachs will be removed 
from the lake trout and preserved for diet analysis in the laboratory.

1.1.1  Summary of Method

Lake trout will be sampled with graded-mesh gill and forage fish with trawls fished from 
the NBS’s R/V Cisco on the bottom at each of the three Biota Sites in spring, summer, and
fall.  The numbers of fish specified in the LMMB Work Plan together with the extracted 
stomachs of the trout will be transported frozen to the GLSC laboratory of NBS in Ann 
Arbor, Michigan for contaminants and diet analyses.  Individual lake trout will be aged at 
GLSC from coded wire tags inserted in their snouts and indicated by adipose fin clip or 
from other fin clips or scales.  Bloater chubs, one of the three target species, will be aged 
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from scales.

1.2 Safety

In any field operation, emphasis must be placed on safety.  Samplers must be aware of the 
potential safety hazards to which they are subjected.  Follow all safety protocols and 
equipment guidelines, and be prepared for emergency situations.  The sampler is primarily 
responsible for his/her safety from potential hazards.

1.3 Equipment check and calibration

The following is a list of all needed equipment and consumables.

1.3.1 Equipment 

Serviceable Equipment

Fishing vessel equipped with
 -Locational instruments (GPS, Loran, Radar) 

-Sampling gear (gill nets, bottom and midwater trawls) 
-Electronic BT 

Ice chests and bagged ice 
Measuring board (mm markings required) 
Plastic buckets (3-  and 5-gallon) 
Spring scale (1-10 Kg; Kg markings required) 
Beam balance scale (0.1 to ? g; g markings required) 
Calibrating weight 
Dissecting pan (contaminant fish sampling only)
Dissecting knives 
Thermometer (contaminant fish sampling only) 
Lap-top computer

Consumable Equipment

Dissecting gloves (contaminant fish sampling only) 
Aluminum foil (contaminant fish sampling only) 
Plastic fish storage bags (contaminant fish sampling only) 
Whirl-pac bags 
Sample labels (contaminant fish sampling only) 
Marking tools (pencils & permanent markers)
Fish scale envelopes
Cleaning sponge and brush
Rubber gloves for

-preserving fish
-handling fish
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1.3.2 Calibration and Standardization

Equipment necessary for calibration and the required frequency can be 
found in Table 1.

Table 1.  Equipment necessary for calibration and the required frequency.
   

Instrument Calibration technique Frequency Acceptance criteria

Thermometer Ice bath and boiling water 1/year +/- 2 degrees C

Locational device Calibration to a standard of
known Lat and Long

per trip +/- 0.25 Km

Measuring Board Check against second device 1/year +/- 2mm

Scale Check against standard S class
weights; 1,5,10,25 kgs

daily +/- 0.1 kg

1.4 Procedures

1.4.1  Collection of Contaminant Samples

Contaminant samples will be collected onboard the NBS's R/V Cisco, using gill nets for 
lake trout and trawls for forage fish.  Because age of fish will only be roughly 
approximated in the field based on length, the Field Manager should oversample as 
necessary to help insure that the specified sample sizes are met for both contaminants and 
diet analyses (Table 1.0).

1.4.1.1 Daily location, weather, and fishing operation data are routinely recorded 
by the Vessel Captain in the Ship’s Log.  Detailed information on location, gear, 
fishing effort, catch (total number and weight by species),  length frequencies of 
selected species, predator-prey data including size and  stomach contents of 
selected species such as lake trout, etc, were formerly recorded on a detailed set of 

field forms, but are now entered directly into a  lap-top computer for later 
transferral to the GLSC's RVCAT data base.  (See RVCAT overview in Appendix
4 and Data Entry Screens in Appendix 5 of the QAPP).  Surface to bottom water 
temperature profiles are taken with an electronic BT when each gear is set and are 
later downloaded in table format.

1.4.1.2 For each lake trout collected and each composite sample of each forate species, 
record the following site and sample indentification data on two I.D. Labels, and 
on a whirl-pac bag (see Appendix 6 of the QAPP Planfor data required on label).
Note: The recorded data will include: Sampling objective (contaminant, diet, 
audit), Date, Lake, Location (including Biota Site & Port), Serial No., Species, 
Sample I.D. No., Age/Size Group, Field Qualifier Flag, Collector’s Name, and 
Preservative.
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1.4.1.3  For all lake trout sampled determine and record the following in the field or in the 
laboratory of GLSC if indicated otherwise.

-Maximum Total Length (mouth closed and caudal fin dorso-ventrally 
compressed) to  nearest  mm using the measuring board. 
-Total Weight (to the nearest 0.1 Kg. using the spring balance) of fish taken for 
diet only;  fish for both contaminant and diet analyses will be weighed in the 
GLSC laboratory.
-Fin clips will be recorded in the field for diet samples only; fish for both 
contaminants and diet will have clips recorded in the laboratory.

1.4.1.4  For each lake trout referred to in Section 1.3 that is 600 mm and longer remove at 
least five scales (from just above the lateral line and below the  posterior insertion 
of  the dorsal fin) with a clean knife when fin clips are recorded and place the 
scales in a scale envelope.  Label the envelope.

1.4.1.5  Line the examination tray with aluminum foil and place a lake trout in the tray.  
Make a 3-5 inch incision with a clean knife in the belly of the  fish.  Pull out and 
remove the stomach (anterior esophagus to pyloric sphincter) and all its contents.  
The spleen and any other organs or excess flesh that may be attached to the 
stomach should be placed back inside the  fish.   If the stomach appears empty, 
open it to verify that it is completely  void.  Indicate so in the predator-prey file in 
the Lap-Top Computer.  Void stomachs need not be kept.  Pack the whirl-pac bag 
with the stomach and its contents and preserve them in the chest freezer.

1.4.1.6  Wrap each lake trout completely with the foil lining the examination  tray and 
attach one I.D. label to the foil, while being careful to retain all body fluids within 
the foil.  Place wrapped fish in a 4 mil polyethylene (Arcan Manufacturing, 
Plainwell, MI), seal the bag and attach the other I.D.  label.

1.4.1.7  Place the bagged fish in Vessel's chest freezer for preservation, or in a cooler and 
pack with ice until it can be transferred to another freezer.

1.4.1.8  Thoroughly clean and rinse all equipment that comes in contact with sampled fish 
between sampling individual fish.

1.4.1.9  Keep all samples in your possession in their preserved state (frozen or on ice) until
they have been delivered to the GLSC laboratory of NBS in Ann Arbor where 
subsequent analysis will be conducted.  Transport only in NBS approved vehicles. 
Initiate a Chain of Custody form showing date of delivery and state of 
preservation, etc.  (See a copy of the form in Appendix 7 of the QAPP).  Flags if
appropriate should be included in the Remarks or Comments columns of the
Custody form.
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            1.4.1.10 Wrap Forage Fish including the Bloater Chub, which is categorized as both a 
target and forage species in the LMMB PLAN, in the aggregate in aluminum foil.  
Make  no incisions in these fish.  Then place them in the polyethylene bags in the  
aggregate by species and age/size groups specified in the PLAN.  Label each bag  
inside and out with the information shown in Appendix 6 of the QAPP, except for
Sample No. which is applicable only for individual predator species (e.g. lake
trout), and preserve them in the chest freezer or a cooler with ice.  Keep these
samples in possession in accordance with instructions for lake trout in 1.4.1.9
above.

            1.4.1.11 Within the constraints of the demarcation of forage fish for diet sampling into the 
age and size groups specified in the LMMB Plan of October 14, 1993, special
care must be taken to assure that these fish are representative by size (and hence
age) of all fish caught of the various categories being sampled.

            1.4.1.12 When the trawl catch is small, the entire catch is retained and sorted by species on
the sorting table in the bow of the R/V Cisco.  When the catch is large, however, it
is first randomly subsampled in the stern of the boat after running it into plastic
fish boxes that hold about 50 lbs. each.  The  randomization is accomplished by
running the fish box or boxes back over a 5 gallon bucket or buckets while fish are
slowly "pouring" from the  box.  The subsample in the buckets is sorted into
species in the lab, and each  species is counted and weighed.  The numbers and
weight of the individual species in the total trawl catch are estimated from the total
weight of the trawl catch and the proportions (weights and numbers) of the
individual species in the subsample.

            1.4.1.13 A sample of the catch of fish in each diet group will then be obtained by first 
mixing and spreading all fish in a given group on the sorting table.  All fish on a 
section of the table will then be retained for the diet sample.  This procedure is 
intended to avoid the inevitable bias that occurs when the  sorter picks fish 
individually from the catch.

            1.4.1.14 Because the age of bloater chubs will not be known in the field, a length cut-off 
based on sampling in recent years will be used to obtain an approximate 
separation by age into the specified age categories for chubs of 0-2 years and 4 + 
years of age.

            1.4.1.15 As for lake trout as described in 1.4.1.9 above, keep all field samples of forage 
fish for contaminant analysis in your possession in their preserved state (frozen or
on ice) until they have been delivered to the GLSC laboratory of NBS in Ann
Arbor where the analysis will be conducted.  Transport only in NBS approved
vehicles. Initiate a Chain of Custody form showing date of delivery and state of
preservation, etc.  (See copy of the form in Appendix 7 of the QAPP).  Flags if
appropriate should be included in the Remarks or Comments columns of the
Custody Form.
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Appendix 2.

 SOP-2:
Lab Analysis of Lake Trout Stomachs 

and Data Entry

2.0 LAB ANALYSIS OF LAKE TROUT STOMACHS AND DATA ENTRY

This SOP is intended to provide a step by step procedure for examining and quantifying the 
contents of the stomachs sampled, and then entering all data on the computer as part of 
determining the diet of lake trout for the Enhance Monitoring Program Lake Michigan Mass 
Balance Study.

2.1 Overview

2.1.1 Summary of method

2.2 Safety

In any laboratory operation, emphasis must be placed on safety.  Personnel  must 
be aware of the potential safety hazards to which they are subjected.   Follow all 
safety protocols and equipment guidelines,  and be prepared for emergency 
situations.  Each person is primarily responsible for his/her safety from potential 
hazards.

2.3 Equipment Check and Calibration Check

Check to insure that all equipment and supplies are available in required amounts. 
The following is a list of all needed equipment and consumables.

2.3.1  Equipment 

Serviceable Equipment

   Fume hood
Rinse water supply and rinsing bath
Rinse tray

    Dissecting tray and tools (scalpel, forceps, scissors)
Dissecting microscope

 Electronic balance and calibration weights
Plastic ruler (mm divisions)
Glass specimen jars
Scale press
Scale projector/reader
Computer & printer (with hard drive, disk drive, and necessary 
software)
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Consumable Equipment/Supplies

Formalin (5%)
Rubber gloves
Impression acetate
Paper toweling
Plastic bags (2-5)
Reporting sheets and marking devices

2.3.2 Calibration and Standardization

Equipment necessary for calibration and the required frequency can be found in Table 2.1.

Table 2.1  Equipment necessary for calibration and required frequency

Instrument Calibration technique Frequency Accepted criteria

Plastic ruler Check against second
device

Start-End/ season +/- 1 mm

Electronic balance Use calibration weight
(300 g) and slope adjust

Daily +/- 0.1 g

Computer Virus scan Every boot-up No viruses

2.4 Procedures

The following procedures will be discussed:

Sample preparation 
Identification and quantification of prey items 

-Numeration and estimation (for invertebrates) 
-Length measurement and

    -Weight measurement and estimation 
Archiving representative samples 
Mounting and aging scales 
Data recording 
Verifying data 
Determining conversion data and developing formula

2.4.1 Analysis of Stomach Contents

Proceed with the following steps in a well ventilated (fume hood operating if necessary)
area intended for such work.  Wear rubber gloves when handling preserved prey items. 
Have equipment set up, calibrated, and ready for use, and start with and maintain a clean
work area.
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2.4.1.1 Identify each prey fish to species, assign it a percent digested state, and
measure (nearest mm) and weigh (nearest 0.1 g) it.  Record data as
indicated on the lab data sheet.  Measure length to the level of precision
allowed by the amount of fish remaining.  Order of priority is: 1)
maximum total length, 2) standard length, 3) vertebral column length, 4)
length of a multiple of 5 vertebrae (preferably near the caudal region). 
For those fish or parts of fish that cannot be positively identified, record
as unidentified remains.

             2.4.1.2 Identify and group invertebrates into appropriate taxa and weigh (nearest
0.1 g) each taxon as a group.  Either count all individuals in a group or estimate the total

number based on weight (at least 0.5 g or 25 individuals) of a known number
representative of the group. Record data as indicated on a lab data sheet.

             2.4.1.3  Repackage stomach contents in their whirl-pac bag and freeze. To facilitate 
sample retrieval and verification under quality control, store groups (10-25) of the
whirl-pool bags containing the individual samples from similar locations and dates
together in clear plastic bags in freezer storage.

             2.4.1.4  Make several photo copies of each completed Lab Data Sheet and file at separate 
designated locations.

2.4.2 Aging Lake Trout and Bloater Chubs from Scales

The methods for preparing scales for aging fish and for verifying age are adequately
described in Fisheries Techniques (Nielson and Johnson 1983) and in the published
literature. The following highlight the procedure.

2.4.2.1 Make an impression of at least 5 lake trout scales from each scale envelope on an
acetate slide and return the scales and slide to the envelope after checking the slide
for clarity and detail.

             2.4.2.2  Age each fish by counting annuli observed on a clear impression of one of the 
scales viewed on a scale projector.  Record the age in years using the convention
that a fish is age O in the year hatched and becomes one on January 1st of each
subsequent year of life.

             2.4.2.3  Follow the same procedure for bloater chubs. However, if detail needed for aging 
is incomplete, the scales may be placed between glass slides, cleared with water,
and read direct with the scale  projector.

2.4.2.4 At least 5% of the fish should be reaged by the original person making the
determination and by a second person.  Assign and record final age on the
envelope based on consensus reached by both of these individuals or by
the majority if a third independent reader is necessary.  A length at age
frequency distribution based on known-age lake trout as determined from
coded-wire tags may be used to locate possible outliers for reaging, but
allowance must be made for previously observed differences in growth
rate between Biota Sites (e.g. growth has been slower on the Midlake
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Reef).
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2.4.3 Standard Measurements for Developing Conversion Equations

To allow reconstruction of total prey length and weight from partial length measures, and
to allow the conversion of total length and weight of preserved prey to length and weight of
fresh prey (or vice-versa), the following procedures will be followed.

2.4.3.1 For up to 50 intact individuals representing all sizes of each prey fish
species (5 per 1/10 of size range encountered from preserved stomachs),
measure total length and weight, and then dissect the fish and measure 
(nearest mm) the standard length, the vertebral column length, and the
length of 5 vertebrae from the posterior and anterior regions of the
vertebral column;  also count the total number of vertebrae.  Record these
measures on a separate lab data sheet and identify as Standard Measures.

2.4.3.2 When in the field, the Project Field Manager will conduct independent
measurements of enough stomach contents (steps 2.4.1.2 and 2.4.1.2 of SOP 2) so
that at least 50 prey fish representing all sizes and digested states be identified and
measured prior to preservation for later lab analysis.  These data will be recorded
on a lab data sheet identified as Standard Measurements.

             2.4.3.3  Enter all data from Standard Measurements Data Sheets into prescribed  fields of 
the appropriate data base.

2.4.3.4 Develop the following conversion equations with associated errors for
each prey species:

Vertebrae length to vertebral column length and total length 
Vertebral column length to standard length and total length 
Standard length to total length 
Total length to wet weight 
Preserved total length to fresh total length
Preserved wet weight to fresh wet weight

2.4.3.5  Compare to similar equations developed from other studies to determine validity.

2.4.4 Data Entry and Verification

             2.4.4.1  Maintain three independent copies of the data (on hard drive, on disk,  and hard 
copy printout) in different locations and update/backup each on a daily basis when
altered.

2.4.4.2 Record all data generated in the laboratory on lake trout diet and age on
special Lab Data Sheets that will be designed for that purpose.  Record
complementary observations and qualitative data in a Lab Log Book.  On
a daily basis if practical, enter these data from the data sheets into the
RVCAT data base from which it can be accessed and analyzed with the
aid of personal computers.
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2.4.4.3 Using equations determined in 2.4.3:

                         -Calculate missing total length measures from partial length measures and add to 
the database.

-If entered data are from both fresh and preserved prey, transform one and add to 
the database so that a consistent measure is entered for all.

2.4.4.4 Identify and correct inaccuracies in data recording and entry, and identify
outliers as follows:

1)  Plot data variables, identify peripheral values, and cross-reference with 
original data records. Example plots include:

-Predator length vs weight  -Prey length vs date
-predator length vs date  -prey length vs weight 

(by length type)

2)  Query all data fields for values above and below expected values  and cross-re
ference
with
original
data
records.

3)  Visually compare and verify each computer record with field and lab records 
on original data sheets.

4)  Resolve with the data collector any possible errors in recording.

5)  Flag as an outlier any data that after completing the above, still appears to be 
outside the range of expected values.
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Appendix 3. 

SOP-3, Coded Wire Tags (CWT)

STANDARD OPERATING PROCEDURE (Modified from Lake Ontario SOP)

Lake Michigan

Purpose:
Use of a coded wire tag (CWT) injected into the snout for marking hatchery-reared lake trout stocked into
Lake Michigan began in earnest in 1985.  Lake trout marked with CWTs have also been stocked into Lakes
Erie, Huron, and Ontario.  Chinook salmon have been marked with CWTs and stocked into Lakes
Michigan and Ontario.  Evaluation of the returns from fish injected with CWTs provides information about
growth, movement, and mortality of populations of hatchery-reared fish released to the lakes.

Marking Convention:
The Great Lakes Fishery Commission has reserved the adipose fin clip, as a single clip, for lake trout that
receive a CWT.  For fish that do not receive a CWT the adipose fin may be clipped in combination with
another fin.  Sometimes hatchery personnel fail to clip the adipose fin or clip some other fin of fish that are
injected with a CWT.  In addition, a dorsal, pectoral, or pelvic fin may be injured, malformed, or
congenitally missing.  Thus, a few fish with no clip or a mark other than an adipose clip may have a CWT
in their snout. An electronic wand used to detect and signal the presence of metal in the snouts of fish may
be used either in the field or in the laboratory to help verify the presence of CWTs in individual fish.

Field Procedure:
Record total length (mm), weight (g), fin clips, sex, maturity, sea lamprey wounds and scars, and stomach
contents using the computer or standard field data entry form.

If there is a possibility that a fish has been marked with a CWT, cut off the snout behind the eye sockets,
and place the snout in a compartmented polypropylene box.  Each box should have a unique number
engraved on the lid and front, and each compartment should be permanently numbered.  Record the box
and compartment numbers on the field data form in the space provided.

If the snout is too large for the compartmcnt, or if no compartmented box is available, place the snout in a
jar or plastic bag (one snout per container).  Record the sample, serial number and fish number on a
waterproof label and place the label in the bag or jar and securely close the top.

Freeze the collection of snouts.  In the special circumstance that a fish identified as containing a CWT is
also a fish required for contaminant analysis, the fish is left intact and handled according to the
contaminant analysis protocol in force.  The CWT is extracted later at the laboratory under joint
responsibility of Lake Michigan and Contaminant Monitoring personnel.

Laboratory Procedure:
Prepare a solution of sodium hydroxide (effective concentration of 15%). Warning - Sodium hydroxide is
caustic and should be handled with extreme care.  When preparing the solution, laboratory gloves, lab coat
and eye protection should be worn.  Sodium hydroxide solution is to be slowly added and stirred into the
water, NOT the reverse; that is, water is NOT to be added to the solution.  Remember that a highly
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exothermic reaction results from adding sodium hydroxide to water so be careful about the integrity of the
containers used to carry the solution.  Refer to the Material Safety Data Sheet (MSDS) in the Laboratory
Safety Manual. Cover each snout with the sodium hydroxide solution and let stand until the flesh is
liquified (usually overnight).  Remove the CWT from the solution with a magnetic stirring rod.  Rinse the
stirring bar/CWT in vinegar and then in water and transfer the CWT to a magnetic pencil.

Using a tag-reading jig and a binocular microscope, decipher the code. A procedure provided by the tag
manufacturer for deciphering the CWT code is attached. 

Record the six-digit code in the space provided on the field data form. Affix the CWT to the field data form
adjacent to the code using a double strip of clear adhesive tape.

A second reading by an independent observer without reference to the code recorded on first reading is
required.  If the two readings do not agree, another reading by each of the observers should resolve the
disagreement.
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BINARY CODED TAG FORMAT

Data is carried on binary coded wire tags in six binary-digit words, or numbers.  Consider the number
1066.  It might similarly be called a four decimal-digit word, and can be written in columns as follows:

1000s      100s      10s       1s   
  1           0          6            6

Said another way, it means the sum of 1 thousand, no hundreds, six tens, and six ones.

Binary-digit words, or numbers, can be written in columns in the same way:

32s    16s    8s    4s    2s   1s 
1        1       0      1     0    1 

The binary number 110101 thus means the sum of 1 thirty two, 1 sixteen, O eights, 1 four, 0 twos, and 1
one, or 110101 binary = 53 decimal.

The binary coded wire tag material is marked with four six-digit binary words written lengthwise on the
wire, 90E apart around its circumference.  Three of these words carry the data, and following them is a
seventh digit in each row which is used as an error check as explained below.  The fourth word is known as
the master word and is always the same.  Its purpose is to mark the beginning of the data words and to
identify the direction in which they are to be read.

The information is carried by notches on the wire spaced .0048" apart.  Notches are read as binary 1; no
notch is read as binary 0.  At the standard length .042", this means that there are at least 8 visible mark
positions on a tag.  The logic in the coding system is such that tags as short as .030" guarantee
unambiguous data recovery.   (A similar, but not identical, scheme is used to mark "half-length" or .020"
tags.  Reading instructions for half-length tags are available request.)

The data format on a coded wire tag is keyed to the seven-bit word which we call the master word.  This
word, always the same, is unusual in that it contains an extra, in-between, mark, i.e., the word looks like

         00111M.

The half-interval mark between the first and second normal marks is instantly apparent.  Every tag bears
this word, although it may start and end in different places, e.g., 11M001, as a result of the random nature
of the cutting process.
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To read a coded wire tag, find the master word and orient the tag horizontally so that the master word reads
in the correct direction, 00111M.  Then the remaining data are to be read according to the following
conventions:

1.  The column labels for the data words are derived from the master word:
 0 0 1 1 1 1    1  1 MASTER

Ck 32 16 8 4 2 1 COLUMN IDENTIFICATION 

        2.  With the master word on top of the wire and running in the proper direction, rotate the tag on its axis      
     so that the master word moves up,  As the three data words come into view, they are, in order:

1. DATA WORD 1 
2. AGENCY CODE 
3. DATA WORD 2

If one were to imagine the surface of the tag unrolled as if it were a sheet or paper, it would look like this:

Check 32s 16s 8s 4s 2s 1s COLUMN IDENTIFICATION
0 0 1 1 1 1   1 1 MASTER WORD
1 1 0 1 1 0 1 DATA 1 = DECIMAL 45
1 0 0 1 1 1 1 AGENCY = DECIMAL 15
0 1 1 0 0 1 0 DATA 2 = DECIMAL 50

The convention adopted for the seventh column, the check bit, is that the sum of the notches in each of the
three data rows must always be odd.  This provides a check against coding errors in the data.  For example,
if the required number was
                      101101  (six bit word),
there are four binary ones, or notches;  the sum is, therefore, even; and the check bit must also be a one. 
The data would appear on the tag wire as
                      1101101. 
If the data were to be
                       010110, 
the checked data would appear on the tag wire as
                       0010110
since the data word already has an odd number of bits, and the check bit must be zero.

The information on each of the four sides of the tag wire is repeated continuously every seven spaces. 
Since tags are cut off every 8.5 spaces, actual tags may be cut at any point in the word. An example of a
tag cut between the 4s and the 8s columns follows:

4s 2s 1s Ck 32s 16s 8s COLUMN IDENTIFICATION
1 1   1 1 0 0 1 1 MASTER
1 0 1 1 1 0 1 DATA 1 = DECIMAL 45
1 1 1 1 0 0 1 AGENCY = DECIMAL 15
0 1 0 0 1 1 0 DATA 2 = DECIMAL 50
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APPENDIX 4.

Research Vessel Catch Information System (RVCAT)

Introduction

RVCAT - System Overview

This is an overview of the information system used by the Resource Assessment Section of the National
Fisheries Center - Great Lakes. The system will be referred to simply as RVCAT (Research Vessel Catch
Information System).  It is a living and growing system pulling raw data from the Great Lakes and
producing information of use to the Lakes Community. The purpose of RVCAT is to provide clear,
consistent and easy access to research vessel data for vessel biologists.

Research vessel data was first collected on Lake Superior in 1953 and each year since the vessel base was
established in 1957. Data was collected from Lake Michigan in 1954, 1955 and annually since 1960.
Collections were made in 1956, 1969 and regularly beginning in 1972 on Lake Huron. The Lake Erie
Vessel base was established in 1959 with collections made as well in 1957 and 1958. The Lake Ontario
station was begun in 1977 with vessel operations beginning in 1978.

The intended computer hardware platform for RVCAT is any system which supports Statistical Analysis
System (SAS Institute, Cary, NC) and ORACLE (ORACLE Corp., Belmont, CA) software. Currently,
RVCAT is implemented an a Data General MV series mini-computer and IBM-PC compatible
micro-computers. One goal of RVCAT is to be transportable to diverse computing environments, so that it
is not limited by hardware or software which becomes out of date, or of differing capacities.

ORACLE is used for all basic data management and reporting functions, and SAS is used for statistical
analysis. Other software may be used as well for specialized needs.

RVCAT is implemented and maintained jointly by Vessel Biologists of Resource Assessment and
Biometrics and Computer Services staff. The system has been partitioned into 12 compartments. A list of
Responsible People and their suggested assignments is included elsewhere in this manual.

RVCAT Background

The RVCAT system began in 1972 as a collection of miscellaneous batch programs written for the IBM
1130. As the need arose for specific reports, new programs were added. Several users took part in
designing these reports and the new data record formats needed to enter data into the system. Data were
originally stored on punched cards.

In 1976, the laboratory gained access to the University of Michigan MTS computing system, as a remote
batch station.

Programs and data files were gradually transferred to that system and backed on magnetic tapes. Edit
programs were written to provide greater control over data accuracy.
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Over the years, it became necessary to change record formats,  and programs had to be modified in various
ways to accommodate changing needs. In 1978, the entire data base was rewritten in the new format.

Then, in 1984, it was decided that the programs should be rewritten to be interactive, giving users various
options in the way data was to be organized and tabulated. At the same time, data retrieval programs were
written to allow users to retrieve subsets of data from the original master files, and routines were developed
to permit users to run the various programs associated with the data. This system was called RVCAT I.

In the spring of 1985, Viking Forms Management software was purchased for IBM-XTs to replace
key-to-card data entry with key-to-disk data entry.

In the fall of 1985, a Data General MV4000 mini-computer was purchased to replace the 1130 system, and
it became necessary to transfer programs and data to a new operating system. Data files were converted
from the tape format used by MTS to a form acceptable by the Data General, and transferred to the new
system. At the same time, various report format changes were decided upon, and the need for more
flexibility in running the programs was recognized. To meet these needs, the system called RVCAT II was
developed, and became operational in September, 1986.

In January, 1988, a committee was formed to completely review and revise RVCAT. A relational database
management system (ORACLE) was identified which would permit the development of a system which
would be compatible between the field stations and the Center. It was projected that ORACLE could
provide DBMS needs and Statistical Analysis System (SAS) could provide statistical support. Automated
data entry on the research vessels was proposed including digital measuring devices.

In the fall of 1988, ORACLE was purchased as part of a GCMS purchase and installed on the
mini-computer, The process of designing database tables was completed in the spring of 1989. At that
point, the process of loading existing data into the database was begun.

In the fall of 1989, 80386 micro-computers and ORACLE were purchased for the field stations. The field
stations were then nearly identical in computing capability with the Center.

By March, 1990, data tables were designed, loading of card image data into the tables was progressing, and
a prototype data selection and reporting system was demonstrated.

In June 1990, proposals were circulated specifying how a more comprehensive approach to implementing
the RVCAT system might be handled.  In July, manuals and starter systems were circulated to the field
stations. The starter system included table definitions, a data entry form, a data selection system, and trawl
length frequency report linked to the selection system.
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Table Definitions 

This document defines the Research Vessel Catch Information System tables. It is divided into these
sections:

Naming Conventions 
Abbreviations 
Table Schemas
Data Table Definitions 
Lookup Table Definitions 
Selection Table Definitions
Report Table Definitions

Naming Conventions

Table names are in capital letters and column names are in lower case. Next to each table name is the table
pneumonic used in report specifications. There are four groups of tables:  Data, Lookup, Selection, and
Report.  Tables are listed in hierarchical or alphabetical order.  Listed below each table name are: the
column number (used for report definitions), column name, the data type and size, and the primary key -
not null designator. The primary key (pk) is a column or group of non-superfluous columns that insure the
uniqueness of rows within a table.  Columns designated primary key are assumed not null unless otherwise
specified.

1. Table names are unique.
2. Column names are unique within a table. 
3. Names are descriptive and meaningful. 
4. Names will be displayed on terminals and hardcopy. 
5. Users will be familiar with and will use names to communicate with the system.
6. Names are brief, using whole names where possible. 
7. Names are consistent between tables.

Abbreviations 
acro acronym 
ave average
bt bathy thermograph slide number
cu chub management unit
cwt coded wire tag
dc diameter at capture
gn gillnet
id identification number (system assigned key)
lf length frequency
lw length weight
n number or frequency
nn not null
op operation
pk primary key
sci scientific
sd statistical district
sta station
temp temperature
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tr trawl
wfu whitefish management unit

Table Descriptions 

This document describes the system of tables as defined in the document "Table Definitions''. The model
captures the spirit of the method described in "Relational Database Design".  The model minimizes
redundancy (it is impossible to eliminate redundancy), update anomalies are eliminated, and it has a high
degree of maintenance-resistance (the model will stand the test of time, will be widely accepted, and will
require few alterations other than additions). Non-loss data reduction has been achieved. Goals of the
design process are simplicity, use-ability, and efficiency.

A data model is a collection of constructs, operators and integrity rules which together support a dynamic
representation of real-world objects and events, The only construct in a relational model is the table.
Operators are add, change, delete, select, project, join, group, and so forth. Integrity rules include no null,
primary key and no duplicate; and serve to maintain order and consistency in the database.

The scope of this document is construct and integrity. Beyond the scope of this document are operators
which are used by data entry and report tools for input and output, and values that can be calculated from
table values.

Many of the tables composing this model are lookup tables, They have one numeric column containing the
code, and one or two columns containing the description(s). These tables are largely static in the content.
They are used for system integrity and to provide labels when output is generated.

The remaining tables are those which will contain the actual Research Vessel data. They will continue to
grow in content as data are collected and entered. Each table models a particular kind of data, and is related
to the other tables in a clear and consistent fashion. These tables are related to each other hierarchically,
that is, there is one master table, and a number of dependent tables, The master table is called OP
(operation).  Most of the subordinant table names begin with either GN (gillnet), or TR (trawl). Another
subordinate table is BT which contains temperature profile data.

All data stored in the tables is represented the same as in the ASCII (card image) data sets with the
following exceptions:

Port is stored as the combination of lake code and port code.  For example, Saugatuck (24) in
Lake Michigan (2) is stored as 224.  This convention will keep port codes unique throughout the
system.

Likewise grid is stored as the combination of lake code and grid number. For example, grid 721 in
Lake Ontario (6) is stored as 60721. This convention will keep grid codes unique throughout the
system.

Depths are stored in meters rather than fathoms or feet. Precision is to the nearest decimeter. This
is a consistent simple way of storing depth that will accomodate the needs of all five lakes.
Although meters is the only accepted unit in the scientific literature, depth measurements can be
displayed in any unit desired through a simple conversion factor.
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The following is a description of each data base table starting with OP and working down the hierarchy.

OP

Table OP (operation) contains a log of Research Vessel operations. Each row represents a deployment of a
sampling device by a research vessel. The primary key is composed of year, vessel, serial, and
sample_type. Column op_id represents the primary key, is system (arbitrarily) assigned, and is a key to
each operation throughout the system. Information includes time, location, conditions, and target
organism(s). Examples of distinct operations are: trawl tow, gillnet set, gillnet lift, remote operated vehicle
(ROV) transect, hydroacoustic transect, and plankton tow. A separate op row is created even when two
operations are done simultaneously (Note: This does not necessarily imply more than one Vessel
Operations Form.).

GN_OP

Table GN_OP (gillnet operation) contains information about each whole gillnet deployed by a research
vessel. There will be one row in GN_OP for each gillnet set row in OP. The primary key is column op_id.

TR_OP

Table TR_OP (trawl operation) contains information about each trawl tow.  There will be one row in
TR_OP for each trawl-set row in OP.  The primary key column is op_id.

GN_EFFORT

Table GN_EFFORT (gillnet effort) contains information about each panel of a whole gillnet. Each panel is
represented as a row in GN_EFFORT. The primary key is composed of columns op_id, mesh-size, and
net_material.  Column gn_effort_id is system assigned, is representative of the primary key, and is used to
relate rows in GN_CATCH, GN_LF, and GN_FISH to a panel of net.  GN_EFFORT is in a many to one
(M:1) relationship with OP.  Notice that a particular gillnet-set row in OP will key directly to one row in
GN_OP and many rows in GN_EFFORT.  Information includes fishing depth, mesh size, length, and
material composition of the panel.

GN_CATCH and TR_CATCH

These tables represent the gross catch of each unit of gillnet or trawl effort. They are identical in structure
except for the system assigned key.  GN_CATCH is subordinate to GN_EFFORT linked through
gn_effort_id and TR_CATCH is subordinate to TR_OP linked through op_id. The primary key for
GN_CATCH is composed of the columns gn_effort_id, species, and life_stage. The primary key for
TR_CATCH is op_id, species, and life_stage.  Information includes fish species, life stage, and total
number and weight.

GN_LF and TR_LF

These tables will contain length frequency data and are keyed through gn_effort_id and op_id to related
units of effort. Each row models a number of a species of fish at a particular length.  The primary key for
GN_LF is gn_effort_id, species, and length.  The primary key for TR_LF is op_id, species, and length.
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GN_FISH and TR_FISH

Individual fish are modeled in these tables. Rows are keyed through gn_effort_id or op_id to related units
of effort. Information includes fish species, length, weight, sex, maturity, age, diameter at capture of age
structure, fin clip, cwt number, scar and wound information. These tables are a combination of the
historical Length Weight, Scale, and Predator Prey data. There is no primary key for these tables!
TR_fish_id and gn_fish_id are system assigned and key to subordinate information which includes annulus
and prey data.

GN_PREY and TR_PREY

These tables are identical in structure to GN_LF and TR_LF except that rows are subordinate to a predator
in GN_FlSH or TR_FISH rather than a unit of effort. Rows are keyed to individual predators through
gn_fish_id and tr_fish_id. The primary key is composed of columns gn_fish_id, species, and length for
GN_FISH, and tr_fish_id, species, and length for TR_FISH.

GN_ANNULUS and TR_ANNULUS

The annulus tables model individual annulus measurements. Rows are keyed to individual fish through
gn_fish_id and tr_fish_id. Each row includes the annulus number, age_struct, and size. The primary key is
composed of gn_fish_id, age_struct, and annulus for GN_ANNULUS and tr_fish_id, age_struct, and
annulus for TR_ANNULUS.

BT

Each row in BT represents a temperature at a depth for a particular operation and bt cast. The primary key
is composed of op_id, bt, and depth.  As many depths as desired may be stored for each profile.

LIFE_SIZE

Each row in LIFE_SIZE represents a range of cut off lengths for the life_stage of a species of fish for a
lake and year. It documents this information within the database, and is used to segregate length frequency
data during report generation. The primary key is composed of year, lake, species and life_stage.  
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Appendix 5.

Research Vessel Data Entry Screens Used Under RVCAT
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NATIONAL BIOLOGICAL SURVEY
Great Lakes Science Center

1451 Green Road
Ann Arbor, MI 48105-2899

Sample Description and Objective                                                                                                 

                                                                                                                                                        

Date                                                                                                                                                 

Lake                                                                                                                                                

Location                                                                                                                                          

Serial No.                                                                                                                                         
 
Species                                                                                                                                            

 
Sample No.                                                                                                                                      

Age/Size Group                                                                                                                                
    

Appendix 6.

Label Information Recorded on Fish Sample Tags
Sample Label
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Appendix 7.
Chain of Custody Record Form


